Background: We aimed to compare the effect of two different intravenous fluid regimes on the incidence of hyponatremia in children. Methods: Children 1 month to 18 years of age, admitted to pediatric intensive care unit (PICU) of a tertiary care medical college hospital were randomized to receive either isotonic fluid (0.9% saline in 5% dextrose) at the standard maintenance rate or hypotonic fluid (0.18% saline in 5% dextrose) at two-thirds of the standard maintenance rate. Results: A total of 240 children were randomized (120 isotonic, 120 hypotonic). In all, 16.7% children in hypotonic group developed hyponatremia compared with 7.5% in isotonic group (p ¼ 0.029). Duration of PICU stay was significantly more in Hypotonic group. Conclusion: We conclude that use of 0.9% saline in 5% dextrose as maintenance fluid helps in reducing the incidence of hospital-acquired hyponatremia and duration of intensive care unit stay among children admitted to PICU.
There are reports of death, permanent neurological sequelae owing to hyponatremia in children receiving hypotonic fluids [2] . To prevent this, we can either increase the sodium content of fluids or restrict the rate of fluids.
In 2003 Moritz and Ayus introduced the concept of using 0.9% saline as a maintenance parenteral fluid for the prevention of hospital-acquired hyponatremia [3] . Most of the studies conducted following this have confirmed that hypotonic fluids produce hyponatremia, and the administration of 0.9% saline does not result in either hypernatremia or fluid overload [4] [5] [6] . But hyponatremia does occur even with isotonic maintenance fluids [7] [8] [9] [10] [11] . Additionally, in the setting of nonosmotic stimuli for vasopressin release, isotonic fluids may mask syndrome of inappropriate antidiuretic hormone secretion (SIADH) and lead to fluid overload [12] .
According to others, acute hyponatremia is primarily dilutional while secondary natriuresis contributes to maintenance of ongoing hyponatremia. It has been suggested that reduction in the volume of hypotonic fluids would be equally or more effective in preventing hyponatremia than administering isotonic fluids [13] [14] [15] .
Various studies have addressed this debate of rate of administration vs. tonicity [7, 9, [16] [17] [18] . A Cochrane review of all these studies suggest that although fluid restriction does not protect against hyponatremia, this cannot be concluded with certainty owing to various reasons [5] .
In this study, we compared the incidence of hyponatremia and its complications in PICU patients receiving intravenous (IV) fluids on two regimes, namely, 0.18% saline in 5% dextrose at two-third maintenance volume and 0.9% saline in 5% dextrose at full maintenance volume.
M E T H O D S
This prospective randomized controlled trial was conducted at a tertiary care center attached to a Medical College with six PICU beds from October 2011 to September 2012. The study protocol was approved by the institute's ethical committee. Written informed consent was obtained from the parent or guardian of all patients before enrollment.
Children aged 1 month to 18 years, admitted to PICU, who were assessed by the treating physician to require IV fluids for a minimum period of 24 h, were eligible for inclusion in the study. Children having hyponatremia, hypernatremia, dehydration, shock, congestive heart failure, acute or chronic renal failure, nephrotic syndrome, severe malnutrition, hyperglycemia, diabetic ketoacidosis, cirrhosis and those on drugs like furosemide, thiazide, vasopressin, desmopressin and those on IV fluid at admission were excluded.
Eligible patients were randomized to receive either of study intervention (isotonic group-0.9% saline in 5% dextrose with 20 mEq/l of potassium chloride at standard maintenance rate; hypotonic group-0.18% saline in 5% dextrose/isolyte-p at two-third standard maintenance rate).
Those admitted on even days (e.g. 2, 4, 6) were included in isotonic group. Those admitted on odd days (e.g. 1, 3, 5) were included in hypotonic group. The patient's weight was measured and the standard maintenance volume was calculated according to the Holliday and Segar formula. 1 The standard maintenance volume of fluid was administered to patients in isotonic group, while two-thirds of the standard maintenance volume was administered to patients in hypotonic group. The amount of fluid infused was documented. The patients continued to receive therapy for their primary disease, as decided on by the treating physician.
The primary outcome of the study was the incidence of hyponatremia (defined as plasma sodium <135 mEq/l). The incidences of hypernatremia (defined as plasma sodium >145 mEq/l), symptomatic hyponatremia or hypernatremia (defined as the presence of hyponatremia or hypernatremia, respectively, and features of encephalopathy, which did not have any other obvious explanation), duration of intensive care unit (ICU) stay and outcome (improvement/death) were secondary outcome measures.
Baseline demographic and clinical parameters were noted at enrollment. All patients were monitored clinically for symptoms and signs of encephalopathy and signs of fluid overload or dehydration throughout the study period. Plasma sodium, potassium and chloride were estimated at enrollment (0 h) and at 24 h after initiation of IV fluids. Patients were nil per orally till 24 h of IV fluids. Patients were given fluids as long as they were not able to take orally. Stopping of IV fluids was decided by treating physician as required by the patient. The patients were followed up till discharge from the hospital. The fluid regimen was modified appropriately if a child developed hyponatremia or hypernatremia.
Statistical analysis
Assuming change in sodium level during PICU admission to have a standard deviation of 3.85 mEq/l and on the basis of a power of 80% and a significance level of 5%, a sample of 120 children would be needed in each group to detect the difference of 1.4 mEq/l in the two groups.
Results were expressed as mean 6 SD (Min-Max) for continuous variables and as number (%) for categorical variables. Continuous data were analyzed by Student t-test (two tailed, independent). Levene's test was performed to assess the homogeneity of variance. Categorical data were analyzed using Chi-square/ Fisher Exact test. The statistical software, namely, SAS 9.2, SPSS 15.0, Stata 10.1, MedCalc 9.0.1, Systat 12.0 were used for the analysis of the data.
R E S U L T S
A total of 533 children were screened for eligibility. Among them, 284 children met any one of exclusion criteria. Of the remaining 249 children, parents of nine children refused to participate in the study (Fig. 1) . Among the remaining 240 children, 120 were randomized to hypotonic group (0.18% saline in 5% dextrose/isolyte-p at two-third standard maintenance rate) and 120 children to isotonic group (0.9% saline in 5% dextrose with 20 mEq/l of potassium chloride at standard full maintenance rate). Baseline characteristics like age, sex and final diagnosis were similar in both the groups (Table 1) .
It is observed that after 24 h of fluid administration, mean sodium level was decreased in both the groups ( Table 2 ). The difference of mean sodium level between 2 groups at 24 h was significant (Table 3) .
Hyponatremia was observed in 16.7% of patients in hypotonic fluid group at 24 h as compared with 7.5% in isotonic fluid group with p value of 0.029. Symptomatic hyponatremia was seen in two patients in isotonic group and three in hypotonic group. This difference was not statistically significant. Two patients presented with seizures and three patients with headache and altered sensorium. All of them were treated with 2-5 ml/kg of 3% saline and improved. After acute treatment, they were started on 0.9% saline with 5% dextrose at full maintenance rate if their hydration status was normal and at two-third rate if they had signs of fluid overload. No deaths occurred owing to symptomatic hyponatremia.
Hypernatremia was observed in three patients in isotonic group, whereas none in hypotonic group. This difference was not statistically significant. None had symptomatic hypernatremia.
Mean duration of ICU stay was longer in hypotonic group. Urine specific gravity was similar in two groups at 0 and 24 h, indicating SIADH was equally distributed in two groups, as disease population were comparable in their diagnosis.
Features of dehydration appeared in three patients in both groups. Final outcome (discharge and death) was similar between the groups (Table 4) . The causes of death in isotonic group were refractory shock (n ¼ 2), Multiorgan Dysfunction Syndrome (n ¼ 1). The causes of death in hypotonic group were refractory shock (n ¼ 1), Multiorgan Dysfunction Syndrome (n ¼ 1), Acute Respiratory Distress Syndrome (n ¼ 1). None of these patients had hyponatremia or hypernatremia.
D I S C U S S I O N
Our study showed that PICU children who received 0.9% saline in 5% dextrose at standard maintenance rate were less likely to become hyponatremic when compared with children who received 0.18% saline in 5% dextrose at two-thirds maintenance rate (7.5% vs. 16.7%).
Kannan et al. [7] have shown that there was no significant difference in the rate of hyponatremia comparing 58 patients receiving 5% dextrose and 0.9% saline at full maintenance rate to 53 patients receiving 5% dextrose and 0.18% saline at two-third of the maintenance rate. However, they could not enroll the calculated sample size owing to feasibility.
On the other hand, Young and Keeley [16] concluded 0.18% saline produced a greater fall in serum sodium than 0.9% saline, and full maintenance rate did not cause a significant fall in serum sodium when compared with two-third rate in surgical and medical pediatric patients similar to our study. However, they did not record the fluids received before ICU admission and have not mentioned data on episodes of hyponatremia.
Neville et al. [9] have compared use of 0.9% and 0.45% saline solution at 100% or 50% maintenance rates in surgical patients and reported that hypotonic fluid and not maintenance rate increased risk of hyponatremia similar to our study.
Coulthard et al. [17, 18] have reported that hyponatremia was less common with the use of Hartmann's and 5% dextrose at full maintenance rate when compared with 0.45% saline and 5% dextrose at two-thirds maintenance rate in pediatric surgical patients similar to our study.
Thus, our study supports emerging evidence that the tonicity of maintenance fluid has a greater effect on plasma sodium levels than does the volume of maintenance fluid.
In our study, we found the incidence of hyponatremia among children receiving isotonic fluids was 7.5%. The incidence of hyponatremia after isotonic fluid administration in previous studies ranges from 5% to 33%, depending on the definition of hyponatremia, clinical setting, rates of maintenance fluid, time points of sodium measurement [4, 11, 17] .
In our study, we observed that after 24 h of fluid administration, mean sodium level was decreased [17] reported similar findings. This emphasizes the fact that there are other factors, which play a key role in decreasing plasma sodium levels, in addition to the tonicity of the fluids administered. Hyponatremia occurs owing to a deficit in sodium intake, excessive water intake, or impaired ability to excrete free water. The sodium intakes in each group of our and previous studies were well within the daily requirements. Whereas isotonic fluids do not generate electrolyte free water, every liter of hypotonic fluid infused generates a certain amount of electrolyte free water (824 ml per liter of 0.18% saline in 5% dextrose and 500 ml per liter of 0.45% saline in 5% dextrose) [2] . In addition, sick children have increased levels of vasopressin leading to impaired ability to excrete free water irrespective of the fluid type [7, 19] . Hence, isotonic fluids are not exempt from the risk of developing hyponatremia, although the risk is lower compared with hypotonic fluids. Risk factors for symptomatic hyponatremia include age <16 years, hypoxia, central nervous system (CNS) disorders and acute fall in plasma sodium level. As 25% of our study population had CNS disorders, there was a higher incidence of symptomatic hyponatremia in our study. It is evident that hyponatremic encephalopathy when treated with 3% saline shows good improvement, with no deaths. This was documented by several studies [20] [21] [22] . Present study demonstrates that even patients on isotonic fluid develop symptomatic hyponatremia. Hence, it is important to watch for signs and symptoms of hyponatremic encephalopathy and monitor electrolytes regularly in a sick child and treat with 3% saline [23] .
Because hypernatremia was seen only in 2.5% of isotonic fluid group, which was not statistically significant and severe hypernatremia (Serum Sodium >150 mEq/l) or symptomatic hypernatremia were not seen in any patient, administration of isotonic fluids does not increase the risk of hypernatremia, which is a theoretical concern. This is similar to a recent analysis of 11 randomized controlled trials [24] .
Duration of ICU stay was increased in patients presenting with CNS symptoms and in those on hypotonic fluids, as they took longer time for the improvement of their sensorium and, as they had more incidence of hyponatremia, they were kept in ICU for longer time for monitoring. Even though CNS cases accounted for 25% of admissions, they accounted for 40% of patients who stayed in ICU for 3-5 days. But duration of hospital stay was similar in both the groups. Choong et al. [19] reported that duration of ICU stay and hospital stay was not different between hypotonic and isotonic groups. This is because in the present study 65% had pneumonia and 25% had CNS disease, whereas Choong et al. had surgical patients. Other outcome measures like number of deaths and dehydration were similar in the two groups. The strengths of our study include first, it is the only study with adequate sample size comparing rate vs. fluid type in pediatric medical patients. Second, as patients were followed up till discharge, it is powered to measure mortality and morbidity owing to hospital-acquired hyponatremia.
Our study had certain limitations. First, investigations like urinary electrolytes, urine osmolality and serum vasopressin levels could not be done. Second, the study was not blinded, but this is not of major significance with the primary outcome being objective like hyponatremia.
We found the incidence of hyponatremia to be 16.7% in children receiving hypotonic fluids at twothird restricted rate. We conclude that the administration of 0.9% saline in 5% dextrose as maintenance fluid helps in reducing the incidence of hospitalacquired hyponatremia and duration of ICU stay among children admitted to PICU. Isotonic fluid does not lead to hypernatremia.
